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Abstract 
A numerical study of two-dimensional conjugate natural convection flow and heat 
transfer in a horizontal cylindrical annulus formed between an inner solid square cylinder 
and an outer isothermal circular cylinder is performed The natural convection in the an- 
nulus is driven by the conjugate effect of the uniform volumetric heat generation inside the 
solid cylinder Two orientations of the concentrically placed inner square cylinder, namely, 
the square-on-side (SOS) and the square-on-edge (SOE) are considered Conjugate natural 
convection in the circular cylindrical annulus (CCA) with an inner solid circular cylinder of 
equivalent heat generation as well as isothermal differentially heated annuli are also studied 
for the purpose of comparison The mathematical formulation consists of the continuity 
equation, momentum equations with Boussinesq approximation and the solid and fluid en- 
ergy equations The flow equations recast in vorticity-stream function form and the energy 
equattons are solved using finite difference numerical methods A cartesian mesh is used for 
the square inner cylinder cases, while a cylindrical polar mesh is employed for CCA case 
The convective terms are discretised with donor-cell differencing scheme and the steady-state 
solutions are obtained by time-marching The algebraic equations resulting from the discreti- 
sation of the governing equations are solved using the point Gauss-Seidel iteration method 
A global iteration scheme over each time step is used for better coupling of temperature and 
flow variables 
Results are obtained for the heat generation and outer radius based Grashof num- 
ber ranglng from lo4  to lo9, for solid-to-fluid thermal conductivity ratios of 1, 10 and 100, 
and for the aspect ratlos of 0 2 and 0 4, with air as the working medium (Prandtl number 
0 708) for the SOS, SOE and CCA configurations The flow and temperature distributions 
are presented in terms of contour maps Results are presented for several quantitites of in- 
terest such as local Nusselt numbers on the inner and outer boundaries, vertical velocities at 
the horizontal mid-plane, dimensionless local temperatures on the inner boundary, dimen- 
sionless maximum and average solid cyllnder temperatures and average Nusselt numbers 
The results show that the flow in the annulus is characterised by double or quadruple vor- 
teu patterns Of the dimensionless maximum solid temperature, average solid temperature 
and average inner boundary temperature, the first two are much sensitive to solid-to-fluid 
thermal conductivity ratlo Correlations as functions of Grashof number are developed for 
the estimation of various quantities of interest for different configurations, aspect ratios and 
thermal conductivity ratios The results are expected to be useful in the design of thermal 
systems such as the spent nuclear fuel casks and underground transmission cables 
